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Sequence Determinants of Ligand Binding Affinity in the Xenopus laevis Aryl Hydrocarbon Receptor
Sarah Holzman, ‘08 with mentor Wade Powell
Kenyon College Summer Science 2007
Frogs are remarkably insensitive to the toxic effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
(TCDD). Previous studies in Xenopus laevis (African clawed frog) revealed that aryl hydrocarbon 
receptors (AHRs) from this species bind TCDD with low affinity and exhibit low responsiveness in 
reporter gene assays. In other vertebrates, including mice, humans, and birds, differences in TCDD 
toxicity and AHR binding affinity result from differences in specific amino acids within the ligand 
binding domain (LBD). In this study, we sought to identify structural determinants within X. laevis
AHR1 associated with low TCDD responsiveness in luciferase reporter gene assays. Substitution 
of the entire LBD with the corresponding sequence from the AHRb-1 mouse restored TCDD 
responsiveness characteristic of the intact mouse receptor; thus, residues within the LBD are likely 
responsible for the functional differences. Surprisingly, the frog AHR contains all residues 
previously associated with high affinity TCDD binding in mice and birds, suggesting a role for other 
amino acids. Alignment of the amino acid sequences of high-affinity LBDs with frog AHR1
revealed two residues that were unique to the X. laevis receptor but well conserved in the other 
species. These were mutated to the corresponding mouse residue (T256A and S263P), but in 
reporter gene assays, each change produced only a very modest increase in TCDD 
responsiveness, neither approaching the nearly 50-fold difference in EC50 ordinarily observed 
between AHRb-1 and frog AHR1. Simultaneous mutation of both residues produced a less than 
additive increase. Changing additional frog-specific residues to the mouse sequence, including 
S294Q and S371T, had no effect. These results suggest that different, less phylogenetically 
conserved residues or specific combinations of residues underlie the low TCDD responsiveness of 
the frog AHR. Ongoing studies will examine additional mutant constructs in order to identify the 
unique structural determinants of TCDD affinity of X. laevis AHRs. 
Abstract
•2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is toxic environmental contaminant. Its effects may 
include cancer, developmental toxicity, hepatic necrosis, anemia and even death (Huff et al. 1980)
• The aryl hydrocarbon receptor (AHR) mediates the molecular response that leads to TCDD toxicity 
in vertebrates. 
• The African clawed frog (Xenopus laevis) is extremely insensitive to TCDD.  X. laevis AHR binds 
TCDD with 50 fold lower affinity than the AHR of the most sensitive mouse strain (Lavine et al. 
2005). 
Background
• The unliganded AHR exists in the cystosol and translocates to the nucleus after binding dioxin and 
forming a dimer with the aryl hydrocarbon nuclear translocator. The AHR/ARNT dimer then up-
regulates expression of numerous genes, including CYP1A and other xenobiotic metabolizing 
enzymes (XMEs; Prasch et al. 2003). 
AHR Pathway
To identify which amino acids confer low TCDD responsiveness to the Xenopus laevis AHR
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•The residues that confer TCDD responsiveness are located within the LBD (Figure 1)
• Single AHR-LBD mutants failed to restore the responsive phenotype (Figure 3)
• These results suggest that either multiple residues in combination or less phylogenetically 
conserved residues confer the low TCDD responsiveness of the frog AHR
• Future experiments will test combinations of AHR mutants
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Figure 3. Individual mouse AHRb-1 residues Frog AHR point mutations do not 
restore TCDD sensitivity. COS-7 cells were transfected in triplicate with an AHR 
construct, dosed with graded concentrations of TCDD, and luciferase activities were 
measured as described in Lavine et al. (2005).
Single Mutant Functional Assays
Figure 1. The residues responsible for TCDD responsiveness are located 
in the LBD. To locate the residues that confer low affinity, we constructed a chimeric AHR by 
substituting the mouse AHRb-1 LBD into the frog AHR. COS-7 cells were transfected with a frog, 
chimeric or mouse AHR construct and dosed with graded concentrations of TCDD. Luciferase 
activities were measured as described in Lavine et al. (2005). Panel A shows relative 
luciferase units (RLU), error bars= SE Mean, n=3 and Panel B shows fractional induction.
Chimeric LBD
A B
• The N-terminal portion of the AHR is highly conserved and contains the bHLH/PAS domains that 
are involved in ARNT dimerization and chaperone protein binding (Okey, 2007)
• Ligands, such as TCDD, bind to the LBD, which is located on the PAS-B domain
AHR Domains
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Figure 2. Amino acid alignment of AHR LBD sequences. Arrows indicate target residues for 
mutagenesis, selected based on divergence from high affinity receptors. Amino acids in AHR1
were changed to match the mouse sequence. Mutations were generated with Quikchange XL kit 
(Stratagene). 
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